PART 801
SECTION F
X-RAYSIN THE HEALING ARTS
801.F.1 Scope. Thissection establishesrequirements, for which aregistrant isresponsible, for use of x-ray
equipment by or under the supervison of an individual authorized by and licensed in accordance with

Mississppi Satutes to engage in the heding arts or veterinary medicine. The provisons of thissectionare
in addition to, and not in subdtitution for, other gpplicable provisions of these regulations.

801.F.2 Definitions. Asused in this section, the following definitions apply:
"Accessble surface” means the externa surface of the enclosure or housing provided by the manufacturer.
"Added filtration" means any filtration which isin addition to the inherent filtration.

"Aluminum ecuivalent” means the thickness of type 1100 auminum aloy? affording the same atenuetion,
under specified conditions, as the materia in question.

"Assembler" means any person engaged in the business of assembling, replacing, or ingdling one or more
components into anx-ray syssemor subsystem. The term includes the owner of an x-ray system or hisor
her employee or agent who assembles components into an x-ray system that is subsequently used to
provide professona or commercid services.

"Attenuation block” means a block or stack, having dimensions 20 centimeters by 20 centimeters by 3.8
centimeters, of type 1100 duminum aloy? or other materias having equivalent atenuation.

"Autometic exposure control” means a device whichautomatically controls one or more technique factors
in order to obtain a a presdected location(s) arequired quantity of radiation (See dso "Phototimer™).

"Barrier" (See "Protective barrier™).
"Beam axis' means aline from the source through the centers of the x-ray fields.

"BearHimiting device" means adevice whichprovides a means to restrict the dimensions of the x-ray fidd.

1/The nomind chemica compaosition of type 1100 duminum aloy is 99.00 percent minimum
auminum, 0.12 percent copper.
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"C-Armx-ray sysem’" meansanx-ray systeminwhichthe imege receptor and x-ray tube housng assembly
are connected by acommonmechanica support systeminorder to maintaina desired spatid relationship.
This systemisdesigned to dlow a change inthe projection of the beam through the patient without achange
in the position of the patient.

"Cephdometric device" means adeviceintended for the radiographic visudizationand measurement of the
dimensons of the human head.

"Certified components' means componentsof x-ray systems which are subject to regulaions promulgated
under Public Law 90-602, the Radiation Control for Headlth and Safety Act of 1968.

"Certified system” means any x-ray system comprised totaly of certified components.

"Changedble filters’ means any filter, exdusive of inherent filtration, whichcan be removed from the useful
beam through any eectronic, mechanicd, or physica process.

"Codfficient of variation" or "C" meansthe ratio of the standard deviation to the mean vaue of asample
population of observations. It is estimated using the following equation:

x a2
c-£.1 |5 &2
¥ X |i=1 n-1
where

S = Egtimated standard deviation of the population.
X = Mean Vaue of observationsin sample.
X; = ith observation in sample.
n = Number of observationsin sample.

"Computed tomography" means the production of atomogram by the acquisitionand computer processing
of x-ray transmisson data

"Control pand" means that part of the x-ray control upon which are mounted the switches, knobs,
pushbuttons, and other hardware necessary for setting the technique factors.,

"Cooling curve' means the graphica relationship between heet units stored and cooling time.
"CT" (See "Computed tomography™).

"Dead-man switch" means aswitchso constructed that adrcuit dosng contact can be maintained only by
continuous pressure on the switch by the operator.
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"Detector” (See "Radiation detector™).
"Diagnogtic source assembly” means the tube housing assembly with a beam-limiting device atached.

"Diagnodtic x-ray imaging system" means an assemblage of components for the generation, emisson and
reception of x-rays and the transformation, storage and visud display of the resultant x-ray image.

"Diagnogtic x-ray sysem” means an x-ray system designed for irradiation of any part of the human or
anima body for the purpose of diagnosis or visudization.

"Direct scattered radiation” means that scattered radiation which has been deviated in direction only by
materidsirradiated by the useful beam (See " Scattered radiation”).

"Entrance exposure rate€’ means the exposure free in air per unit time a the point where the center of the
useful beam enters the patient.

"Equipment” (See"X-ray equipment”).

"Hed emissonequipment” means equipment whichuses an x-ray tubein which dectron emissonfromthe
cathode is due soldly to the action of an eectric field.”

"Filter" means materid placed in the useful beam to absorb preferentidly selected radiations.

"Huoroscopic imaging assembly™ means a subsysteminwhichx-ray photons produceafluorascopic image.
It includes the image receptor(s) such asthe image intendfier and spot-film device, eectricd interlocks, if
any, and structural materid providing linkage betweenthe image receptor and diagnogtic source assembly.

"Focal spot” means the area projected on the anode of the x-ray tube by the electrons accelerated from
the cathode and from which the useful beam originates.

"Generd purpose radiographic x-ray sysem" means any radiographic x-ray sysem which, by desgn, is
not limited to radiographic examination of specific anatomical regions.

"Gonad shied" means a protective barrier for the testes or ovaries.
"Hdf-vaue layer" means the thickness of specified materia which attenuates the beam of radiation to an
extent such that the exposure rate is reduced to one-haf of its origind vaue. In this definition, the

contribution of dl scattered radiation, other thanany whichmight be present initidly inthe beam concerned,
is deemed to be excluded.
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"Heding arts screening” means the testing of human beings using x-ray machines for the detection or
evauation of hedth indications when such tests are not specificaly and individualy ordered by alicensed
practitioner of the heding arts legdly authorized to prescribe suchx-ray testsfor the purpose of diagnosis
or treatment.

"HVL" (See"Hdf-vaue layer™).

"Imege intengfier” means adevice, inddled in its housing, which indantaneoudy converts anx-ray pattern
into a corresponding light image of higher energy density.

"Image receptor” means any device, such as a fluorescent screen or radiographic film, which transforms
incdent x-ray photons ether into a visble image or into another form which can be made into a visble
image by further transformations.

"lmage receptor support” means, for mammographic systems, that part of the syslem designed to support
the image receptor during mammography.

"Inherent filtration" meansthefiltrationof the useful beamprovided by the permanently ingtaled components
of the tube housing assembly.

"Irradiation” means the exposure of aliving being or matter to ionizing radiation.

"Kilovalt (kV) [kilo electron valt (keV)]" means the energy equd to that acquired by a particle with one
€l ectron charge in passing through a potentid difference of one thousand voltsinavacuum. [Note: current
convention isto use kV for photons and keV for eectrong].

"Kilovolts peak” (See "Pesk tube potentid™).

"kVp" (See"Peak tube potentid™).

"kWSs' means kilowatt second.

"Lead equivdent” means the thickness of the materid in question affording the same attenuation, under
specified conditions as lead.

"L eskage radiation” means radiation emanating from the diagnostic source assembly except for:
@ the useful beam; and

2 radiation produced when the exposure switch or timer is not activated.
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"L eakage technique factors' means the technique factors associated with the diagnostic source assembly
which are used in measuring leskage radiation. They are defined as follows:

@ For diagnogtic source assemblies intended for capacitor energy storage equipment, the
maximum-rated peak tube potentid and the maximum-rated number of exposuresin an hour for
operationat the maximum-rated peak tube potentia withthe quantity of charge per exposure being
10 millicoulombs, i.e., 10 milliampere seconds, or the minmum obtainable fromthe unit, whichever
islarger.

2 For diagnostic source assemblies intended for fidd emisson equipment rated for pulsed
operation, the maximum-rated peak tube potential and the maximum-rated number of x-ray pulses
in an hour for operation at the maximum-rated pesk tube potentid.

3 For dl other diagnostic source assemblies, the maximum-rated peak tube potentia and the
maximum-rated continuous tube current for the maximum-rated pesk tube potentid.

"Light field" means the areaiilluminated by light, being the locus of points at which the illumination exceeds
a specific or specified level, amulating the radiation field.

"Line-voltage regulation” means the difference between the no-load and the load line potentia's expressed
asapercent of the load line potentid. 1t is calculated using the following equation:

Percent line-voltage regulation = 100 (V,-V)/V,
where
V,, = No-load line potentid and
V; = Load line potentid.
"mA" means milliampere.

"mAs' means milliampere second.

"Maximum line current” means the root-mean-square current in the supply line of an x-ray machine
operating & its maximum rating.

"Mohile x-ray equipment” (See "X-ray equipment").
"Patient”" means an individud or anima subjected to heding arts examination, diagnos's, or trestment.

"PBL" See "Podgtive beam limitation."
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"Peak tube potentid" means the maximum vaue of the potentia difference across the x-ray tube during an
exposure.

"Phantom’ means a volume of materia behaving inamanner amilar to tissue withrespect to the attenuation
and scattering of radiation.

"Phototimer” means a method for controlling radiation exposures to image receptors by messuring the
amount of radiation which reaches a radiation monitoring device(s). The radiation monitoring device(s) is
part of an eectronic drcuit which controls the duration of time the tube is activated (See "Automatic

exposure contral™).

"PID" (See"Pogtion indicating device").

"Portable x-ray equipment” (See " X-ray equipment”).

"Pogition indicating device' means a device on denta x-ray equipment used to indicate the beam position
and to establish a definite source surface (skin) distance. It may or may not incorporate or serve as a

beam-limiting device.

"Pogtive beam limitation” means the automatic or semiautomatic adjustment of an x-ray beam to the
selected image receptor Size, whereby exposures cannot be made without such adjustment.

"Primary protective barrier" (See "Protective barrier).

"Protective apron” means an gpron made of radiation absorbing materials used to reduce radiation
exposure.

"Protective barrier” means abarrier of radiation absorbing materia (s) used to reduce radiation exposure.
The types of protective barriers are asfollows:

@ "Primary protective barrier" means thematerid, exdudingfilters, placed inthe ussful beam,
to protect anyone other than the patient from radiation exposure.

2 "Secondary protective barrier” means abarrier aufficent to attenuate the stray radiationto
the required degree.

"Protective glove' means a glove made of radi ation absorbing materias used to reduce radiationexposure.
"Quadlified expert” means an individud who has demondrated to the satisfaction of the Agency that such

individud possesses the knowledge, training, and experience to measure ionizing radiation, to evauate
safety techniques, and to advise regarding radiation protection needs.
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"Radiationdetector" means adevice whichinthe presence of radiationprovidesasgnd or other indication
suitable for use in measuring one or more quantities of incident radiation.

"Radiation therapy smulaion sysem" means a radiographic or fluoroscopic x-ray system intended for
locdizing the valume to be exposed during radiation therapy and confirming the position and size of the
therapeutic irradiation field.

"Radiograph” means an image receptor on which the image is created directly or indirectly by an x-ray
pattern and resultsin a permanent record.

"Radiographic imaging system" means any system whereby a permanent or temporary image is recorded
on an image receptor by the action of ionizing radiation.

"Rating" means the operating limits as specified by the component manufacturer.
"Recording” means producing a permanent form of an image resulting from x-ray photons.

"Scettered radiation” means radiation that, during passage through matter, has been deviated in direction
(See"Direct scattered radiation”).

"Secondary protective barrier” (See "Protective barrier™).

"Shutter" means a device attached to the tube housing assembly whichcantotdly intercept the entire cross
sectiond areaof the useful beam and which has alead equivaency not less than that of the tube housing
assembly.

"SID" (See"Source-image receptor distance").

"Source' meansthe focd spot of the x-ray tube.

"Source-image receptor distance’ means the distance from the sourceto the center of the input surface of
the image receptor.

"Spot film" means a radiograph which is made during a fluoroscopic examination to permanently record
conditions which exist during that fluoroscopic procedure.

"Spot-film device' means a device intended to transport and/or position a radiographic imege receptor
between the x-ray source and fluoroscopic image receptor. 1t includesadeviceintended to hold acassette
over theinput end of an image intengfier for the purpose of making a radiograph.

"SSD" means the distance between the source and the skin entrance plane of the patient.
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"Stationary x-ray equipment” (See " X-ray equipment").
"Stray radiation” means the sum of leskage and scattered radiation.
"Technique factors' means the following conditions of operation:

Q) for capacitor energy storage equipment, peak tube potentid in kV and quantity of charge
iNMAS

2 for fidd emisson equipment rated for pulsed operation, peak tube potentia in kV and
number of x-ray pulses,

3 for CT x-ray sysems designed for pulsed operation, pesk tube potentid in kV, scantime
in seconds, and either tube current inmA, x-ray pulse width in seconds, and the number of x-ray
pulses per scan, or the product of tube current, x-ray pulsewidth, and the number of x-ray pulses
inmASs

4 for CT x-ray sysems not designed for pulsed operation, peak tube potentia in kV, and
ether tube current in mA and scan time in seconds, or the product of tube current and exposure
time in mAs and the scan time when the scan time and exposure time are equivaent; and

) for dl other equipment, peak tube potentia in kV, and either tube current in mA and
exposure time in seconds, or the product of tube current and exposure time in mAs.

"Terminationof irradiation” means the stopping of irradiationin afashion which will not permit continuance
of irradiation without the resetting of operating conditions at the control pand.

"Tomogram™ means the depiction of the x-ray atenuation properties of a section through a body.
"Tube" means an x-ray tube, unless otherwise specified.

"Tube housng assembly” means the tube housing with tube ingdled. It includes high-voltage and/or
filament transformers and other appropriate e ements when such are contained within the tube housing.

"Tube rating chart" means the set of curves which specify the rated limits of operationof the tubein terms
of the technique factors.

"Useful beam” means the radiationemanating fromthe tube housing port or the radiation head and passing

through the aperture of the beam-limiting device when the exposure controls are in amode to cause the
system to produce radiation.
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"V ariable-gperture beam-limiting device' means a beam-limiting device which has capacity for stepless
adjusment of the x-ray field Sze a agiven SID.

"Vidgble area’ means that portion of the input surface of the image receptor over which incident x-ray
photons are producing a visble image.

"X-ray exposure control" means a device, switch, button, or other smilar means by which an operator
initiates and/or terminates the radiation exposure.

"X-ray equipment” means an X-ray System, subsystem, or component thereof. Types of x-ray equipment
are asfollows:

@ "Mobile x-ray equipment” means Xx-ray equipment mounted on a permanent base with
wheds and/or cagters for moving while completely assembled.

2 "Portable x-ray equipment” means X-ray equipment designed to be hand carried.

3 "Stationary x-ray equipment” means x-ray equipment which is
inddled in afixed location.

"X-rayfidd" meansthat area of the intersection of the ussful beamand any one of the set of planespardld
to and induding the plane of the image receptor, whose perimeter is the locus of points at which the
exposure rate is one-fourth of the maximum in the intersection.

"X-ray high-voltage generator" means a device which transforms electrica energy from the potential
supplied by the x-ray control to the tube operating potential. The device may aso include means for
transforming dternating current to direct current, filament transformers for the x-ray tubeg(s), high-voltage
switches, dectrica protective devices, and other appropriate elements.

"X-ray system" means an assemblage of components for the controlled production of x-rays. It includes
minimaly an x-ray high-voltage generator, an x-ray control, a tube housing assembly, a beam-limiting
device, and the necessary supporting structures. Additional components which function with the system
are consdered integra parts of the system.

"X-ray subsystem" means any combination of two or more components of an x-ray system.

"X-ray tube" means any eectron tube which is designed to be used primarily for the production of x-rays.
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801.F.3 Generd and Adminidrative Requirements.

@ Radiation Safety Requirements. The registrant shal be responsible for directing the operation of
the x-ray system(s) under hisadminidrative control. Theregistrant or the registrant'sagent shal assurethat
the requirements of these regulations are met in the operation of the x-ray system(s).

@ An x-ray system which does not meet the provisons of these regulations shall not be
operated for diagnostic purposes (if so directed by the Agency).

2 Individuds who will be operating the x-ray systems shdl be adequately ingtructed in the
safe operating procedures and be competent in the safe use of the equipment. See Appendix A
for a lig of subject matters pertinent to this requirement. The Agency may use interview,
observation and/or testing to determine compliance.

3 A chart dhdl be provided inthe vidnity of the diagnostic x-ray system's control panel which
gpecifies, for dl examinations performed with that system, the following information:

(i) patient's body part and anatomical size, or body part thickness, or age (for
pediatrics), versus technique factors to be utilized;

(i) typeand sze of thefilm or screen-film combination to be used,
()  typeand focd distance of the grid to be used, if any;

(iv) source to image receptor distance to be used (except for dentd intraora
radiography); and

(v) typeand location of placement of patient shielding (i.e., gonad, €tc.) to be used.

4 The regidrant of a fadlity shdl establish and make avalldble to x-ray operators written
safety procedures, induding patient holdingand any redtrictions of the operating technique required
for the safe operation of the particular Xx-ray system. The operator shdl be able to demondtrate
familiarity with these procedures.

) Except for human patients who cannot be moved out of the room, only the staff and
ancillary personnd, or other persons, required for the medica procedure or training shal beinthe
room during the radiographic exposure. Other than the patient being examined:

@) Al individuas shall be positioned such that no part of the body will be struck by

the useful beam unless protected by not less than 0.5 millimeter lead equivaent
materid.
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(1)  Thex-ray operator, other Saff, ancillary personnel, and other persons required for
the medica procedure shdl be protected from the direct scatter radiation by
protective aprons or whole body protective barriers of not less than 0.25
millimeter lead equivdent materid.

@ii)  Human patients who cannot be removed from the room shdl be protected from
the direct scatter radiation by whole body protective barriers of not lessthan0.25
millimeter lead equivdent materia, or shal be so postioned that the nearest
portion of the body is at least 2 meters from both the tube head and the nearest
edge of the image receptor.

(6) Gonad shidding of not less than 0.5 millimeter lead equivaent materid shdl be used for
human patients, who have not passed the reproductive age, during radiographic procedures in
which the gonads are in the useful beam, except for cases in which this would interfere with the
diagnostic procedure.

@) Individuals shdl not be exposed to the useful beam except for heding arts purposes and
unless such exposure has been authorized by a licensed practitioner of the heding arts. This
provison specificaly prohibits deliberate exposure for the following purposes:

(i) exposure of an individud for traning, demongtration, or other non-healing-arts
purposes; and

(i) exposure of an individud for the purpose of heding arts screening except as
authorized by 801.F.3(a)(11).

8 Whena patient or filmmust be provided withauxiliary support duringa radiation exposure:
(i)  mechanica holding devices shdl be used whenthe technique permits. The written
safety procedures, required by 801.F.3(a)(4), sl lig individual projections

where holding devices cannot be utilized,

(i)  written safety procedures, as required by 801.F.3(a)(4), shdl indicate the
requirements for sdecting a holder and the procedure the holder shdl follow;

(i)  the human holder shdl beingructed in persond radiationsafety and protected as
required by 801.F.3(a)(5);

(v) noindividua shdl be used routindly to hold film or patients;
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)

(Vi)

(vii)

in those cases where the patient must hold the film, except during intraoral
examinaions, any portionof the body other than the area of dinicd interest struck
by the ussful beam shall be protected by not less than 0.5 millimeter lead
equivdent materid,;

when an animd must be held by an individuad during an exposure, that individud
shall be protected with appropriate shielding devices, such as leaded gprons and
gloves, and shdl be positioned such that no part of his or her body shdl be struck
by the useful beam; and

eachfadlity must have leaded aprons and glovesavailable in sufficient numbersto
provide protection to dl personnd who are involved with x-ray operations and
who are otherwise not shielded.

9 Procedures and auxiliary equipment designed to minimize patient and personnel exposure
commensurate with the needed diagnostic information shdl be utilized.

0]

(i)

(il

)

)

The speed of the screen and film combinations used shal be the fastest speed
cons gtent withthe diagnogtic objective of the examinations. Film cassetteswithout
intengfying screens shdl not be used for any routine diagnostic radiologica
imaging, with the exception of standard film packets for intraora use in dental

radiography.

The radiation exposure to the patient shal be the minimum exposure required to
produce images of good diagnostic qudity.

Portable or mobile x-ray equipment shdl be used only for examinations where it
isimpracticad to transfer the patient(s) to a stationary x-ray ingtalation.

X-ray systems subject to 801.F.6 shdl not be utilized in procedures where the
sourceto patient distanceislessthan30 centimeters except for veterinary systems.

If grids are used between the patient and the image receptor to decrease scatter
to the film and improve contrast the grid shdl:

@ Be positioned properly, i.e., tube sde facing theright direction,
and grid centered to the centra ray.

(b) If of the focused type, be of the proper foca distance for the
SID's being used.
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(10)  Allindividudswho are associated withthe operationof an x-ray system are subject to the
requirements of 801.D.101, 801.D.102, and 801.D.202 of these regulations. In addition:

() When protective dothing or devices are worn on portions of the body and a
personne monitoring device(s) is required, at least one such monitoring device
shdl be utilized as follows:

@ Whenanapronisworn, the monitoring device shdl beworna the
collar outside of the apron.

(b) The dose to the whole body based on the maximum dose
attributed to the mogt critical organ shdl be recorded in the reports
required by 801.D.401 of these regulations. |If more than one device is
used and arecord is made of the data, each dose shdl be identified with
the area where the device was worn on the body.

(i) Exposure of a personnd monitoring device to deceptively indicate adose
delivered to an individud is prohibited.

(11) Heding Arts Screening. Any person proposing to conduct a hedling arts screening
programshdl not initiate such a program without prior gpprova of the Agency. When requesting
such gpproval, that person shal submit the information outlined in Appendix B of this section. If
any information submitted to the Agency becomes invalid or outdated, the Agency shdl be
immediatdy notified.

(12) Information and Maintenance Record and Associated Information The registrant shdll
maintain the following information for each x-ray system for inspection by the Agency:

(i) modd and serid numbers of al mgor components, and user's manuds for those
components,

(i)  tuberating charts and cooling curves,

(i)  recordsof surveys, cdibrations, maintenance, and modifications performed on the
X-ray system(s); and

(iv) acopy of dl correspondence with this Agency regarding that x-ray system.
(13) X-RaylLog Eachfacility shdl maintain anx-ray log containing the patient'sname, thetype

of examindions, and the dates the examinations were performed. When the patient or film must
be provided with human auxiliary support, the name of the human holder shal be recorded.
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(14) A dgnshdl be posted in a conspicuous area so as to be easily seen by the patient to the
effect that if there is apregnancy or the possihility of apregnancy, the physicianshould be notified.
Prescription of x-ray examinations of pregnant or possbly pregnant patients shall assure that
medica consideration has been given to possble feta exposure and appropriate protective
messures are taken.

(b) X-ray HImProcessing Fadilitiesand Practices. Eachingtdlation using aradiographic x-ray system
and using anaog image receptors (radiographic film) shal have avallable suitable equipment for handing
and processing radiographic film in accordance with the following provisons:

(1)  Manualy developed film:

(i) Processng tanks dhdl be constructed of mechanicdly rigid, corrosion resistant
materid; and

(i)  Thetemperature of solutions inthe tanks shdl be maintained withinthe range of 60
°F t0 80 °F (16 °C to 27 °C). HIm dhdl be developed in accordance with the
time-temperature rel ationships recommended by the film manufacturer, or, in the
absence of such recommendations, with the time-temperature chart on the next

page:
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Time-Temperature Chart

Minimum

Thermometer Deveoping

Reading Time
(Degrees) (Minutes)
°C °F
26.7 80 2
261 79 2
256 78 21/2
250 77 21/2
244 76 3
239 75 3
233 74 312
228 73 312
222 72 4
2127 171 4
211 70 41/2
20.6 69 41/2
20.0 68 5
194 67 51/2
189 66 51/2
183 65 6
178 64 6 1/2
172 63 7
16.7 62 8
161 61 812
156 60 91/2

(i)  Devices shdl be utilized which will:
@ Indicate the actua temperature of the developer; and

(b) Signd the passage of a preset time appropriate to the developing
time required.

2 Automatic Processors and Other Closed Processing Systems:
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() HRAImsdhdl be developed in accordance with the time-temperature relationships
recommended by the film manufacturer; inthe absence of suchrecommendations,
the film shal be developed using the chart on the next page:

Developer Minimum Immergon
Temperature Time*
(Degrees) (Seconds)

°C °F

355 96 19
35 95 20
345 94 21
34 93 22
335 92 23
33 91 24
32 90 25
315 89 26
31 88 27
305 87 28
30 86 29
295 85 30

*mmergion time only, no crossover time included.

(i)  The specified developer temperature and immersion time shdl be posted in the
darkroom or on the automatic processor.

3 Other Requirements

(i) Pass boxes, if provided, shal be so constructed as to exclude light from the
darkroom when cassettes are placed in or removed from the boxes, and shal
incorporate adequate shidding from stray radiation to prevent exposure of
undeveloped film.

(i)  Thedarkroomshdl belight tight and use proper sefdighting suchthat any film type
in useexposed inacassette to x-radiation sufficient to produce an optica dendty
from1to 2 whenprocessed shdl not suffer an increase in dengity greater than0.1
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(0.02 for mammography) when exposed in the darkroom for 2 minutes with al
safdights on. If used, daylight film handling boxes shal preclude fogging of the
film.

(i)  Darkrooms typicaly used by more thanone individud shal be provided a postive
method to prevent accidenta entry while undeveloped films are being handled or
processed.

(iv) Film shdl be stored in a cooal, dry place and shdl be protected from exposure to
dray radiaion. Film in open packages shdl be stored in alight tight container.

(v) HImcassettesand intengfying screens shdl be inspected periodically and shdl be
cleaned and replaced as necessary to best assure radiographs of good diagnodtic

qudlity.

(vi) Outdated x-ray filmdshdl not be used for humandiagnogtic radiographs, unlessthe
film has been stored in accordance with the manufacturer's recommendations and
asample of the film passes asenstometric test for normal ranges of base plusfog
and speed.

(vii)  HImdeveoping solutions shdl be preparedinaccordance withthe directions given
by the manufacturer, and shdl be maintained in strength by replenishment or
renewd 0 that full development is accomplished within the time specified by the
manufacturer.

801.F.4 Generad Requirementsfor dl Diagnodiic X-Ray Sysems. In addition to other requirementsof this
section, dl diagnogtic x-ray systems shal meet the following requirements:

@ Warning Label. The control panel containing the main power switch shdl bear the warning
gatement, legible and accessble to view: "WARNING: This x-ray unit may be dangerous to patient and
operator unless safe exposure factors and operating instructions are observed.”

(b) Battery Charge Indicator. On battery-powered x-ray generators, visua means shdl be provided
on the control pand to indicate whether the battery isin a Sate of charge adequate for proper operation.

(© L eskage Radiation from the Diagnodtic Source Assembly. The leakage radiation from the
diagnogtic source assembly measured at a distance of 1 meter in any direction from the source shdl not
exceed 100 milliroentgens (25.8 uC/kg) in1 hour whenthe x-ray tubeis operated at its leakage technique
factors. Compliance shal be determined by measurements averaged over an area of 100 square
centimeters with no linear dimension greater than 20 centimeters. If leakage technique factors cannot be
set on the control panel, then compliance shdl be determined by measuring leskage at maximum kVp and
an gppropriate mAs.

(d) Radiationfrom Components Other Thanthe Diagnogtic Source Assembly. The radiationemitted
by a component other thanthe diagnogtic source assembly shal not exceed 2 milliroentgens (0.516 uC/kg)
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in 1 hour a 5 centimeters from any accessible surface of the component when it is operated in an
assembled x-ray system under any conditions for which it wasdesigned. Compliance shdl be determined
by measurements averaged over an area of 100 square centimeters with no linear dimengion greater than

20 centimeters.

(e Beam Quadlity.

@ Haf-vaue Layer.

() Thehdf-vauelayer of the ussful beamfor agivenx-ray tube potential shdl not be
lessthanthe vduesshowninTable. If it isnecessary to determine such hdf-vaue
layer at an x-ray tube potentia which isnot ligedinTable |, linear interpolationor

extrapolation may be made.
TABLE
X-ray tube voltage (kilovolt peek) Minimum HVL (mm_of Al)
Measured Specified Other
Designed operating operating dental X-ray
range potential gystems gystems
Bdow50 = e 30 N/A 0.3
40 N/A 0.4
49 N/A 05
50t070 @ —mmeeeeeeee- 50 15 1.2
60 1.5 1.3
70 15 15
Above70 = e 71 2.1 2.1
80 2.3 2.3
90 25 25
100 2.7 2.7
110 3.0 3.0
120 3.2 3.2
130 35 35
140 3.8 3.8
150 4.1 4.1

(i) For capacitor energy storage equipment, compliance with the requirements of
801.F.4(e) shdl be determined withthe maximumquantity of charge per exposure.
Thiswill be deemed to have been met if amAs of 5-10 has been used.

@iy Therequired minimd haf-vaue-layer of the ussful beam shdl indudethe filtration
contributed by dl materids which are permanently between the source and the

patient.

F-18



2 Filtration Controls. For x-ray sysemswhich have variable kVp and variablefiltration for
the useful beam, adevice shdl link the kVp selector with the filter(s) and shdl prevent anexposure
unlessthe minimumamount of filtration necessary to produce the HVL required by 801.F.4(e)(1)
isin the useful beam for the given kVp which has been sdected.

® Multiple Tubes. Wheretwo or more radiographic tubes are controlled by one exposure switch,
thetube or tubeswhichhave been selected shdl be dearly indicated prior to initiationof the exposure. This
indication shdl be both onthe x-ray control panel and at or near the tube housing assembly which has been
selected.

()] Mechanical Support of Tube Head. The tube housing assembly supports shdl be adjusted such
that the tube housing assembly will remain stable during an exposure unless tube housng movement isa
designed function of the x-ray system.

(p)] Technique Indicators.

@ Thetechniquefactorsto be used during an exposure shdl be indicated before the exposure
begins. If automatic exposure controls are used, the technique factors which are set prior to the
exposure shdl be indicated.

2 The requirements of 801.F.4(h)(1) may be met by permanent markings on equipment
having fixed technique factors. Indication of technique factorsshdl be visible from the operator's
position except in the case of spot films made by the fluoroscopist.

0] Locks. All pogtion locking, holding, and centering devices on x-ray system components shdl
function as intended.

801.F.5 Huoroscopic X-Ray Sysems. All fluoroscopic x-ray systems shal beimageintensified and meet
the following requirements.

@ Limitation of Useful Beam

Q) Primary Barrier.

(i) The fluoroscopic imaging assembly used shall be provided with a primary
protective barrier which intercepts the entire cross section of the useful beam at
any SID.

(i)  Thex-ray tube used for fluoroscopy shal not produce x-rays unlessthe barrier is
in position to intercept the entire useful beam.

2 Fluorascopic Beam Limitation
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(i)

(ii)

For certified fluoroscopic systems, neither the length nor the width of the x-ray
field in the plane of the image receptor shal exceed that of the vishle area of the
image receptor by morethan 3 percent of the SID. The sum of the excesslength
and the excess width shall be no greater than 4 percent of the SID.

For uncertified fluoroscopic systems with a spot film device, the x-ray beam with
the shuttersfully opened (during fluoroscopy or spot filming) shal be no larger than
the largest spot film size for whichthe deviceisdesigned. Measurements shal be
made at the minimum SID available but a no lessthan 20 centimeterstable top to
the film plane distance.

For uncertified fluoroscopic systems without a spot film device, the requirements
of 801.F.5(a)(2)(i) apply.

(iv) Other requirements for fluoroscopic beam limitation:

@ Means shdl be provided to permit further limitation of the field.
Beamt-limiting devices manufactured after May 22, 1979, and
incorporated in equipment with a variable SID and/or a visble
area of greater than 300 squarecentimetersshdl be provided with
means for stepless adjustments of the x-ray field.

(b) All equipment with afixed SID and avisible area of 300 square
centimeters or less dhdl be provided with ether stepless
adjusment of the x-ray field or with means to further limit the
x-ray fidd sze at the plane of the image receptor to 125 square
centimetersor less.

© If provided, stepless adjusment shdl provide continuous fidd
Szes from the maximum obtainable to afidd 9ze of 5 centimeters
by 5 centimeters or less.

d) For equipment manufactured after February 25, 1978, when the
angle between the image receptor and beam axis is variable,
means shdl be provided to indicate when the axis of the x-ray
beam is perpendicular to the plane of the image receptor;
compliance shdl be determined withthe beam axis indicated to be
perpendicular to the plane of the image receptor.

() For rectangular x-ray fieldsused withcircularimage reception, the
error in dignment shdl be determined dong the length and width
dimengons of the x-ray field which pass through the center of the
visible area of the image receptor.
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3 Spot Film Beam Limitation  Spot-film devices which are certified components shal meset the

following additiond requirements.

0]

(i)

(il

)

Means shdl be provided betweenthe source and the patient for adjustment of the
x-ray fidd gzein the plane of the film to the Sze of that portion of the film which
hasbeen selected onthe spot film selector. Such adjusment shal be autometically
accomplished except when the x-ray fidd dze in the plane of thefilmisamdler
than that of the sdlected portion of the film. For spot film devices manufactured
after June 21, 1979, if the x-ray field size is less than the size of the sdlected
portion of the film, the means for adjustment of the fidd size shdl be only at the
operator's option.

It shdl be possible to adjust the x-ray field 9zein the plane of the film to a 9ze
smadller than the selected portion of the film. Theminimum fidd sze a the greatest
SID shdl be equd to, or lessthan, 5 centimeters by 5 centimeters.

The center of the x-ray field in the plane of the film shdl be adigned withthe center
of the selected portion of the film to within 2 percent of the SID.

On spot-film devices manufactured after February 25, 1978, if the angle between
the plane of the image receptor and beam axis is variable, means shdl be provided
to indicate when the axis of the x-ray beam is perpendicular to the plane of the
image receptor, and compliance shdl be determined with the beamaxisindicated
to be perpendicular to the plane of the image receptor.

4 Override. If ameans exists to override any of the automatic x-ray field Sze adjusments
required in 801.F.5(a)(2), and (3) that means:

0]
(i)

(ii)

shdl be designed for use only in the event of system falure;

ghdl incorporate asgna visble a the fluoroscopigt's postion which will indicate
whenever the automatic field size adjustment is overridden; and

shdl be clearly and durably labelled asfollows:

FOR X-RAY FIELD
LIMITATION SYSTEM FAILURE

(b) Activation of the Fluoroscopic Tube. X-ray production in the fluoroscopic mode shal be
controlled by a device which requires continuous pressure by the fluoroscopit for the entire time of any
exposure. When recording serid fluoroscopicimages, thefluoroscopist shall be ableto terminate the x-ray
exposure(s) a any time, but means may be provided to permit completion of any single exposure of the

Seriesin process.
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Exposure Rate Limits.

@

Entrance Exposure Rate Allowable Limits.

(i) Huoroscopic equipment which is provided with automatic exposure rate control
shall not be operable a any combination of tube potentid and current which will
result in an exposure rate in excess of 10 roentgens (2.58 mC/kg) per minute at
the point where the center of the useful beam enters the patient, except:

@
(b)

During recording of fluoroscopic images, or

When an optiond high level control is provided. When so
provided, the equipment shdl not be operable at any combination
of tube potentia and current which will result in an exposure rate
in excess of 5 roentgens (1.29 mC/kg) per minute a the point
where the center of the useful beam enters the patient unless the
highleve control is activated. Specia means of activationof high
level controls shal be required. The high leve control shal only
be operable whencontinuous manud activationis provided by the
operator. A continuous sgnd audible to the fluoroscopist shdll
indicate thet the high leve contral is being employed.

(i)  Huoroscopic equipment which is not provided with automatic exposure rate
control shal not be operable a any combination of tube potentia and current
which will result in an exposure rate in excess of 5 roentgens (1.29 mC/kg) per
minute a the point where the center of the useful beam enters the patient, except:

@
(b)

During recording of fluoroscopic images, or

When an optiond high leve control is activated. Specid means
of activationof highlevd controls shdl berequired. Thehighleve
control shal only be operable when continuous manud activation
is provided by the operator. A continuous signal audible to the
fluoroscopist shdl indicate that the high level control is being
employed.

(i)  Compliance with the requirements of 801.F.5(c) shdl be determined as follows:

@)

(b)

If the source is below the x-ray table, the exposure rate shdl be
measured 1 centimeter above the tabletop or cradle.

If the source is above the x-ray table, the exposure rate shdl be
measured at 30 centimeters above the tabletop withthe end of the
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@)

beam-limiting device or spacer positioned as closely as possible
to the point of measurement.

For a C-arm type of fluoroscope, the exposure rate shdl be
measured 30 centimeters from the input surface of the
fluoroscopic imaging assembly, with the source positioned at any
available SID, provided that the end of the beam-limiting device
or spacer is no closer than 30 centimeters from the input surface
of the fluoroscopic imaging assembly.

For a laterd type fluoroscope, the exposure rate shdl be
measured at a point 15 centimeters from the center line of the
x-ray table and inthe directionof the x-ray source withthe end of
the beam-limiting device or spacer postioned as closdy as
possible to the point of measurement. If the tabletop is movable,
it shall be postioned as closdy as possible to the laterd x-ray
source, with the end of the beam limiting device or spacer no
closer than 15 centimeters to the center line of the x-ray table.

2 Periodic measurement of entrance exposurerate shadl be performed by a qudified expert
for both maximum and typica vaues, asfollows?

() Suchmeasurementsshdl be made annudly or after any maintenance of the system
which might affect the exposure rate.

(i) Resultsof thesemeasurements shdl be posted where any fluoroscopist may have
ready accessto suchresultswhile usng the fluoroscope and inthe record required
in 801.F.3(a)(12)(iii). The measurement results shdl be stated in roentgens per
minute and indude the technique factors used in determining such results. The
name of the person performing the measurements and the date the measurements
were performed shdl beincluded in the results.

(i)  Conditions of periodic measurement of maximum entrance exposure rate are as

follows

@

the measurement shal be made under the conditions that satisfy
the requirements of 801. F.5(c)(1)(iii);

2/Maerids should be placed in the useful beam to protect the imaging system when conducting

these periodic measurements.
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(d)

(b)

(©

the kVp, mA, and/or other sdectable parameters shdl be
adjusted to those settings which give the maximum entrance
exposure rate; and

the x-ray system that incorporates automatic exposure rate
control shdl have sufficient attenuative materia placed inthe ussful
beam to produce the maximum output of that system.

(iv) Conditions of periodic measurement of typicad entrance exposurerate are as

follows

@

(b)

©

the measurement shdl be made under the conditions that stisfy
the requirements of 801.F.5(c)(2)(iii);

the kVp and mA dhdl be typicd of dinicd use of the x-ray
system; and

the x-ray system(s) tha incorporates automatic exposure rate
control shdl have an appropriate phantom placed in the useful
beamto produce amilliamperage and/or kilovoltage typica of the
use of the x-ray system.

Barrier Trangmitted Radiation Rate Limits.

@ The exposure rate due to transmisson through the primary protective barrier with the
atenuation block in the useful beam, combined with radiation from the image intengfier shal not
exceed 2 milliroentgens (0.516 uC/kg) per hour at 10 centimeters fromany accessible surface of
the fluoroscopic imaging assembly beyond the plane of the image receptor for each roentgen per
minute of entrance exposure rate.

2 Measuring Compliance of Barrier Transmisson

() The exposure rate due to tranamission through the primary protective barrier
combined with radiation from the imege intendfier shal be determined by
measurements averaged over an area of 100 square centimeters with no linear
dimension greater than 20 centimeters.

(i)  Ifthe sourceis below the tabletop, the measurement shal be made with the input
surface of the fluoroscopic imeging assembly positioned 30 centimetersabove the

tabletop.

(i) If the source is above the tabletop and the SID is variable, the measurement shdll
be made with the end of the beam-limiting device or spacer as close to the
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(€)

tabletop as it can be placed, provided that it shal not be closer than 30
centimeters.

(iv) Compression devices and movable grids shal be removed from the useful beam
during the measurement.

Indication of Potentid and Current. During fluoroscopy and cinefluorography, the kV and

the mA shdl be continuoudy indicated.

®

()

)

Source-to-Skin Distance. The SSD shdl not be less than:

@ 38 centimeters on stationary fluoroscopic sysems manufactured on or after August 1,
1974,

2 35.5 centimeters ongtationary fluoroscopic sysems manufactured prior toAugust 1, 1974;
3 30 centimeters on al mobile fluoroscopes, and

4 20 centimeters for al mobile fluoroscopes used for specific surgica procedures.

Huoroscopic Timer.

@ Means shdl be provided to preset the cumulative on-time of the fluoroscopic x-ray tube.
The maximum cumulative time of the timing device shal not exceed 5 minutes without resetting.

2 A dgnd audible to the fluoroscopist shdl indicate the completion of any preset cumulative
orHtime. Such sgnd shdl continue to sound while x-rays are produced until the timing deviceis
reset.

Control of Scattered Radiation

@ Fluoroscopic table designs when combined with procedures utilized shdl be such that no
unprotected part of any saff or ancillary individud's body shall be exposed to unattenuated
scattered radiationwhichoriginatesfromunder the table. Theattenuation required shdl benot less
than 0.25 millimeter lead equivaent.

()] Equipment configurationwhen combined withprocedures shall be such that no portion of
any geff or ancillary individud'sbody, except the extremities, shdl be exposed to the unattenuated
scattered radiation emanating from above the table top unless that individud:

(i) isatleast 120 centimeters from the center of the useful beam; or
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(i) the radiation has passed through not less than 0.25 millimeter lead equivaent
materid induding, but not limited to, drapes, Bucky-dot cover pane, or
sef-supporting curtains, in addition to any lead equivalency provided by the
protective apron referred to in 801.F.3(a)(1)(5).

3 The Agency may grant exemptionsto 801.F.5(h)(2) where aderile fidd will not permit the
useof the normal protective barriers. Where the use of prefitted sterilized covers for the barriers
is practicd, the Agency shal not permit such exemption. See Appendix C for asuggested list of
fluoroscopic procedures where such exemptions will be automaticaly granted.

() Spot HIimExposure Reproducibility. Fluoroscopic systems equipped with spot film (radiographic)
mode shal meet the exposure reproducibility requirements of 801.F.6(d) when operating in the spot film
mode.

()] Radiation Therapy Smulation Systems. Radiationthergpy Smulation sysemsshdl beexempt from
all the requirements of 801.F.5(a), 801.F.5(c), 801.F.5(d), and 801.F.5(g) provided that:

@ such systems are designed and used in such a manner that no individua other than the
patient is in the x-ray room during periods of time when the system is producing x-rays, and

2 systems which do not meet the requirements of 801.F.5(g) are provided witha means of
indicating the cumulative time that an individua patient has been exposed to x-rays. Procedures
ghal require in such cases that the timer be reset between examinations.

801.F.6 Radiographic Sysems Other Than Fuoroscopic, Denta Intraora, Veterinarian, Computed
Tomography, or Mammography Systems.

@ Beam Limitation The useful beam shdl be limited to the area of dinicd interest. This shdl be
deemed to have been met if a pogtive beam-limiting device has been properly used or if evidence of
collimation is shown on at least three Sides or three corners of the film, (for example, projections from the
shutters of the collimator, cone cutting at the corners, or borders at the film's edge).

@ Generd Purpose Stationary and Mobile X-Ray Systems.

() The useof avaiadlefidd beam limiting device providing stepless, independent
adjusment of at least two dimensions of the x-ray field is required.

(i) A method shdl be provided for visudly defining the perimeter of the x-ray fidd.
Thetotal misdignment of the edges of the visudly defined fidd withthe respective
edges of the x-ray fidd dong ather the length or width of the visudly defined fidd
shdl not exceed 2 percent of the distance from the source to the center of the
visudly defined fidld when the surface upon which it appears is perpendicular to
the axis of the x-ray beam.
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The Agency may grant an exemption on noncertified x-ray systems to
801.F.6(a)(1)(i) and (i) provided the registrant makes a written application for
such exemption and in that gpplication:

@ demonstratesit isimpractica tocomply with801.F.6 (a)(1)(i) and
(ii); and

(b) the purpose of 801.F.6(a)(1)(i) and (ii) will be met by other
methods.

2 Additiona Requirements for Stationary General Purpose X-Ray Systems. In additionto
the requirements of 801.F.6(a)(1), dl stationary genera purpose x-ray systems shall meet the
following requirements:

0]

(i)

(il

A method shdl be provided to indicate when the axis of the x-ray beam is
perpendicular to the plane of the image receptor, to align the center of the x-ray
fidd with respect to the center of the image receptor to within 2 percent of the
SID, and to indicate the SID to within 2 percent.

The beam+limiting device shdl indicate numericaly the fidd Sze inthe plane of the
image receptor to which it is adjusted.

Indication of fidd d9ze dimensonand SID's shdl be specified in inches and/or
centimeters, and shall be such that aperture adjustments result in x-ray field
dimensons inthe plane of the image receptor which correspond to thoseindicated
by the beam-limiting deviceto within 2 percent of the SID when the beam axisis
indicated to be perpendicular to the plane of the image receptor.

(3) X-Ray Sysems Desgned for One Imege Receptor Sze. Radiographic equipment

designed for only one imeage receptor Sze a afixed SID shdl be provided with meansto limit the
fidd at the plane of the image receptor to dimensions no greater than those of the image receptor,
and to dign the center of the x-ray field with the center of the image receptor to within 2 percent
of the SID, or dhdl be provided withmeans to both sze and dignthe x-ray fidd suchthat the x-ray
field a the plane of the image receptor does not extend beyond any edge of the image receptor.

(4  Radiographic Systems Other Than Those Designated in 801.F.6(a)(1).(2). and (3).

0]

Means shall be provided to limit the x-ray field in the plane of the image receptor
so that such field does not exceed each dimension of the image receptor by more
than 2 percent of the SID when the axis of the x-ray beamisperpendicular to the
plane of the image receptor.
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(b)

(i) Meansdhdl be provided to dign the center of the x-ray fidd withthe center of the
image receptor to within 2 percent of the SID, or means shdl be provided to both
gze and dign the x-ray fidd such that the x-ray field a the plane of the image
receptor does not extend beyond any edge of the image receptor. Compliance
shdl be determined with the axis of the x-ray beam perpendicular to the plane of

the image receptor.

@)  80L.F.6(a)(4)(i) and (ii) may be met withasystemthat meets the requirementsfor
agenerd purpose x-ray systemas specified in 801.F.6(a)(1) or, when dignment
means are dso provided, may be met with ether:

@ anassortment of removabl e, fixed-aperture, beamHimitingdevices
sufficient to meet the requirement for each combination of image
receptor size and SID for which the unit is designed with each
such device having dear and permanent markings to indicate the
image receptor sze and SID for which it is designed; or

(b) abeam-limiting device having multiple fixed apertures sufficient to
meet the requirement for each combination of imege receptor Sze
and SID for whichthe unit isdesigned. Permanent, clearly legible
markings shdl indicate the image receptor Sze and SID for which
each gperture is desgned and shdl indicate which aperture is in
position for use.

Radiation Exposure Control

(N} ExposureInitigtion Meansshdl beprovided toinitiate the radiation exposureby apostive
actiononthe part of the operator, suchasthe depressionof aswitch. Radiation exposure shdl not
beinitiatedwithout sucha postive action. Inaddition, it shal not be possibleto initiate an exposure
when the timer is set to a"zero" or "off" pogtion if ether podtion is provided.

2 Exposure Termination Meansshdl be provided to terminatethe exposure at apreset time
intervd, preset product of current and time, a preset number of pulses, or a preset radiation
exposureto the image receptor. Termination of an exposure shal cause automatic resetting of the
timer to itsinitid setting or to "zero."

(i) Manud exposure control. An x-ray exposure control shal be incorporated into
eachx-ray system such that an exposure can be terminated by the operator at any
time (""dead-man" switch) except for:

@ exposure of 1/2 second or less; or

(b) during serid radiography when means shdl be
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provided to permit completionof any Sngleexposure of the series
in process.

(i)  Autométic exposure control. When an automatic exposure control is provided:

@ indication shdl be made on the control pand when this mode of
operation is selected;

(b) if the x-ray tube potentia is equa to or greater than 50 kVp, the
minimum exposure time for fidd emisson equipment rated for
pulsed operation shdl be equa to or less than a time interva
equivalent to two pulses;

© the minmum exposure time for dl equipment other than that
specified in801.F.6(b)(2)(ii)(b) shdl be equal toor lessthan1/60
second or atimeinterva required to ddiver 5 mAs, whichever is
greater;

d) gther the product of peak x-ray tube potentia, current, and
exposure time shdl be limited to not more than 60 kWs per
exposure, or the product of x-ray tube current and exposuretime
shdl be limited to not more than 600 MmAS per exposure, except
that whenthe x-ray tube potentid islessthan 50 kV p, the product
of x-ray tube current and exposure time shdl be limited to not
more than 2000 mAs per exposure; and

() a visble sgnd shdl indicate when an exposure has been
terminated at the limitsrequired by 801.F.6(b)(ii)(d), and manua
resgtting shdl be required before further automaticaly timed
exposures can be made.

3 Exposure Indication. Means shdl be provided for visud indication of x-ray production
observable at or from the operator's protected position whenever x-rays are produced. In
addition, asgnd audible to the operator shdl indicate that the exposure has terminated.

4 Exposure Duration (Timer) Reproducibility. With atimer setting of 0.5 seconds or less,
the difference between the maximum exposure time (T ,.) ad the minimum exposuretime (T i)

shdl be lessthan or equd to 10% of the average exposure time (f ), when four timer testsare
performed:

Tope ~ Toe) < 010 T

) Exposure Control Location. The x-ray exposure control shall be so placed that the
operator can view the patient while making any exposure.
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(6) Operator Protection, Except Veterinary Systems.

() Sationarysydems. Stationary x-ray systems shal be required to have the x-ray
exposure control permanently mounted in a protected area so that the operator is
required to remain in that protected area during the entire exposure.

(i) Mobile and portable sysems. Mobile and portable x-ray systems which are:

@ used continuoudy for greater than one week inthe same location,
i.e., aroom or suite shall be considered as stationary systems
under 801.F.6(b)(6)(i); and

(b) used for lessthan one week inthe same location shdl be provided
with ether a protective barrier at least 6.5 feet (2 m) high for
operator protectionduring exposures, or means shdl be provided
to allow the operator to be at least 12 feet (3.7 m) from the tube
housing assembly during the exposure.

) Operation Protection for Veterinary Systems. All stationary, mobile or portable x-ray
systems used for veterinary work shdl be provided with either a 6.5 foot (2 m) high protective
barrier for operator protection during exposures, or shdl be provided with means to adlow the
operator to be at least 12 feet (3.7 m) from the tube housing assembly during exposures.

(© Source-to-Skin Distance. All mobile or portable radiographic systems shall be provided with
means to limit the source-to-skin distance to equal to or greater than 30 centimeters, except for veterinary
systems.

(d) Exposure Reproducibility. When al technique factors are held congtant, including control panel
sdlections associated with automatic exposure control (phototiming) systems, the coefficient of variation
of exposure for both manua and phototimed systems shall not exceed 0.05. This requirement shal be
deemed to have been met, if, when four exposures are made at identical technique factors, the difference
between the maximum exposure (E,,.») ad the minmum exposure (E,,,,) shdl be lessthanor equal to 10%

of the average exposure (E ):

Bypx — Bypy < 0.10 B

(e Radiation from Capacitor Energy Storage Equipment in Standby Status. Radiation emitted from
the x-ray tube whenthe exposure switchor timer is not activated shdl not exceed arate of 2 milliroentgens

(0.516 uC/kg) per hour at 5 centimeters from any accessible surface of the diagnostic source assembly,
with the beamHimiting device fully open.

® Accuracy. Deviaionof technique factors fromindicated va ues shdl not exceed the limitsspecified

for that system by its manufacturer. In the absence of manufacturer's specifications, the deviationshdl not
exceed 10% of theindicated vaue.
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(0) Linearity, Uncertified X -Ray Systems Only. The following requirements apply when the equipment
is operated on a power supply as specified by the manufacturer for any fixed x-ray tube potentid within
the range of 40 percent to 100 percent of the maximum rated.

(1) Equipment having independent sdlection of x-ray tube current (mA). The average ratios
of exposure to the indicated milliampere-seconds product mR/mAs (C/kg/mAs) obtained at any
two tube current settings shdl not differ by more than 0.10 timestheir sum. Thisis:

| X -X% | < 010 (X + X

where X1 and X2 arethe average mR/mAs(C/kg/mAs) va ues obtained at any two tube current
setings.

2 Equipment having acombined x-ray tube current-exposure time product (mAS) sdector,
but not a separate tube current (MA) sdlector. The average ratios of exposure to the indicated
milliampere-seconds product mR/mAs(C/kg/mAs) obtained at any two mAssalector settings shdll
not differ by more than 0.10 timestheir sum. Thisis

| X - % | < 010 (X + X5)

where X1 and X2 are the average mR/mAs (C/kg/mAs) vaues obtained at any two mAs
Selector settings.

3 Measuring compliance. Determination of compliance shall be based on 4 exposures, of
no lessthan 0.05 seconds each, takenwithinatime period of one hour, at each of the two settings.

These two settings may indude any two focal spot sizes provided that neither focal spot gze is
equal to or less than 0.45 millimeter, in which case the two settings shall be retricted to the same
focd spot Sze. For purposes of this requirement, focal spot size is the nomina foca spot size
specified by the x-ray tube manufacturer.

(h) Additional Reguirements Applicable to Certified Sydems Only. Diagnostic x-ray systems
incorporating one or more certified component(s) shal be required to comply withthe following additiona
requirement(s) which relate to that certified component(s).

1) Linearity. When the equipment alows a choice of x-ray tube current settings and is
operated onapower supply as specified by the manufacturer in accordance withthe requirements
of applicable Federa standards, for any fixed x-ray tube potentia within the range of 40 to 100
percent of the maximum rating, the average rati osof exposureto the indicated milliampere-seconds
product obtained at any 2 consecutive tube current settings shdl not differ by morethan0.10 times
their sum:
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| X - % | < 010 (X + X5

where X1 and X arethe average mR/mAs(C/kg/mAs) vaues obtained at each of 2 consecutive
tube current settings.

2 Beam Limitation for Stationary and Mobile General Purpose X-Ray Systems.

0]

(i)

There shdl be provided a means of stepless adjustment of the Sze of the x-ray
fidd. Theminimumfidd szeat anSID of 100 cm shdl be equd to or lessthan 5
centimeters by 5 centimeters.

When alight locdizer is used to define the x-ray fidd, it shdl provide an average
illuminationof not lessthan 160 lux or 15 footcandles at 100 centimetersor at the
maximum SID, whichever isless. The average illumination shdl be based upon
measurements made in the approximeate center of each quadrant of the light field.
Radiation thergpy smulation systems manufactured on and after May 27, 1980,
are exempt from this requirement.

3 Beam Limitationfor Portable X-Ray Sysgems. Beam limitation for portable x-ray sysems

ghall meet the beam limitation requirements of 801.F.6(a)(1) and 801.F.6(g)(2).

4 Fed Limitation and Alignment on Stationary General Purpose X-Ray Systems. For

dationary, generd purpose x-ray sysems which contain atube housing assembly, anx-ray control,
and, for those systems so equipped, atable, al certified in accordance with 21 CFR 1020.30(c):

0]

Pogdtive beam limitation (PBL) shdl be provided whenever dl the following
conditions are met:

@ The imege receptor is inserted into a permanently mounted
cassette holder;

(b) The imege receptor length and width are each less than 50
centimeters,

© The x-ray beam axis is within plus or minus 3 degrees of vertica
and the SID is90 centimeters to 130 centimetersinclusive; or the
X-ray beam axis is within plus or minus 3 degrees of horizontal
and the SID is 90 centimeters to 205 centimetersinclusve;

d) The x-ray beam axis is perpendicular to the plane of the image
receptor to within plus or minus 3 degrees,
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()

Neither tomographic nor stereoscopic radiography is being
performed; and

The PBL system has not been intentiondly overridden.  This
override provision is subject to 801.F.6(h)(4)(iii).

(i)  Pogtive beam limitation (PBL) shal prevent the production of x-rays when:

@

(b)

Either the length or width of the x-ray field in the plane of the
image receptor differs, except as permitted by 801.F.6(h)(4)(v),
from the corresponding image receptor dimensions by more than
3 percent of the SID; or

The sum of the length and width differences as sated in 801.F.6
(h)(4)(i1)(a) without regard to Sgn exceeds 4 percent of the SID.

(i)  If ameans of overiding the postive beam limitation (PBL) system exigts, that

means.

@

(b)

Shdl be designed for use only in the event of PBL system failure
or if the systlem is being sarviced; and

If in a pogition that the operator would consider it part of the
operationa controls or if it is referenced inthe operator's manual
or in other materias intended for the operator,

@ shdl require that akey be utilized to defeet the PBL;

2 ghdl require thet the key remain in place during the entire
time the PBL system is overridden; and

3 shdl require that the key or key switch be clearly and
durably labdled asfollows:

FOR X-RAY FIELD LIMITATION
SYSTEM FAILURE

(iv) Compliance with 801.F.6(g)(4)(ii) shall be determined when the equipment
indicatesthat the beam axis is perpendicular to the plane of the image receptor and
the provisons of 801.F.6(g)(4)(i) are met. Compliance shdl be determined no
sooner than 5 seconds after insertion of the image receptor.
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(v)  Thepostive beamlimitationsystemshdl be capable of operation, at the discretion
of the operator, such that the sze of the fidd may be made smdler thanthe Sze of
theimage receptor through stepless adjusment of the fidd size. Theminimumfidd
gzeat aSID of 100 centimeters shall be equal to or lessthan’5 centimeters by 5
centimeters.

(Vi)  The positive beamlimitationsystem shdl bedesigned suchthat if a change in image
receptor does not cause an automatic return to positive beam limitation function
as described in 801.F.6(g)(4)(ii), then any change of image receptor size or SID
must cause the automatic return.

) Timers. Except for denta panoramic systems, termination of exposure shal cause
automatic resetting of the timer to itsinitia setting or to "zero.”

0] Tube Standsfor Portable X-Ray Systems. A tube stand or other mechanical support shall beused
for portable x-ray sysems so that the x-ray tube housng assembly need not be hand-held during
EXPOSUres.

801.F.7 Intraoral Dental Radiographic Systems. In addition to the provisonsof 801.F.3 and 801.F.4, the
requirements of 801.F.7 gpply to x-ray equipment and associated facilities used for denta radiography.
Requirements for extraoral dentd radiographic systems are covered in 801.F.6.

@ Source-to-Skin Distance (SSD). X-ray systems designed for usewithanintraora imege receptor
ghdl be provided with meansto limit SSD, to
not less than:

@ 18 centimeters if operable above 50 kVp; or
2 10 centimeters if not operable above 50 kVp.

(b) Fidd Limitation
@ Radiographic systems designed for use withanintraora image receptor shall be provided
withmeans to limit the x-ray field such that the x-ray fidd at the minimum SSD shd| be containable
in acircle having a diameter of no more than 7 centimeters, and

2 An open ended PID (position indicating device) shall be used on new dental x-ray
equipment purchased after the effective dete of these regulations.
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(©)

Radiation Exposure Contral for Certified and Noncertified Systems.

@ Exposure Initiation

() Meansshdl be provided to initiate the radiation exposure by a ddiberate action
on the part of the operator, such as the depression of a switch. Radiation
exposure shdl not be initiated without such an action; and

(i) It shal not be possible to make an exposure when the timer is set to a"zero" or
"off" pogtion if éther pogtion is provided.

2 Exposure Termination

() Means gl be provided to terminate the exposure at a preset time interval, preset
product of current and time, a preset number of pulses, or a preset radiation
exposure to the image receptor.

(i)  Anx-ray exposure control shall be incorporated into each x-ray systemsuch that
an exposure can be terminated by the operator at any time, except for exposures
of 1/2 second or less.

(i)  Termination of anexposure shdl cause autométic resetting of the timer to itsinitia
setting or to "zero".

3 ExposureIndication Means shdl be provided for visud indication observable at or from
the operator's protected position whenever x-rays are produced. In addition, asgnal audibleto
the operator shall indicate that the exposure has terminated.

4 Exposure Duration (Timer) Reproducibility. With atimer setting of 0.5 seconds or less,
the difference betweenthe maximum exposure time (T, and the minimum exposure time (T i)

shdl be less than or equal to 10% of the average exposure time('_l'), when four timer test are
performed:

Tope = To) < 010 T

) Exposure Control Location and Operation Protection.

() Sationary x-ray sysems shdl be required to have the x-ray exposure control
permanently mounted in a protected area, so tha the operator is required to
remain in that protected area during the entire exposure; and

(i)  Mobile and portable x-ray sysemswhich are;
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@ used for greater than one week in the same location, i.e., aroom
or suite, shal meet the requirements of 801.F.7(c)(5)(i); and

(b) used for less than one week in the same location, shal be
provided withether aprotective barrier at least 6.5 feet (2m) high
for operator protection, or means to alow the operator to be at
least 12 feet (3.7 m) fromthe tube housing assembly while making
EXPOSUres.

(d) Exposure Reproducibility. The coefficient of variation shal not exceed 0.05 when dl technique
factors are held congtant. This requirement shdl be deemed to have been met if, when 4 exposures are
made within a period of one hour at identica technique factors, the difference between the maximum
exposure vaue (E,,) ad the minimum exposure vaue (E,,,) shdl be less than or equa to 10% of the

average exposure (E ):

Bypr = Bpy) < 010 E

(e Linearity. When the equipment allows a choice of x-ray tube current settings and is operated on
apower supply as specified by the manufacturer in accordance with any fixed x-ray tube potentid within
the range of 40 to 100 percent of the maximum rating, the average ratios of exposure to the indicated
millampere-seconds product obtained at any 2 consecutive tube current settings shdl not differ by more
than 0.10 times their sum:

| X - X% | < 010 (Y + X5

where )_(1 and ;(2 are the average mR/mAs (C/kg/mAs) vaues obtained at each of 2 consecutive tube
current settings.

@ Accuracy. Deviation of techniquefactorsfromindicated values shal not exceed thelimitspecified
for that systlemby itsmanufacturer. 1n the absence of manufacturer's specifications, the deviationshdl not
exceed 10% of the indicated value.

()] kVp Limitations. Denta x-ray machines with a nomina fixed kVp of less than 50 kVp shal not
be used to make diagnostic denta radiographs of humans.

(h Adminigrative Contrals.

@ Petient and film holding devices shdl be used when the techniques permit.

2 The tube housing and the PID shdl not be hand held during an exposure.
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3 The x-ray system shall be operated in such a manner that the useful beam at the patient's
skin does not exceed the requirements of 801.F.7(b).

4 Dentd fluorascopy without image intengfication shall not be used.

801.F.8 Veteinary Medicine Radiographic Ingalations.

@

(b)

Equipment.
@ The protective tube housing shall be equivadent to the requirements of 801.F.4(c).

2 Digphragmsor cones shdl be provided for collimating the useful beamtotheareaof dinica
interest and shdl provide the same degree of protection asis required of the housing.

3 The totd filtration permanently in the ussful beam shdl not be less than 0.5 millimeters
duminumequivdent for machines operating up to 50 kVp, 1.5 millimetersauminum equivaent for
meachines operating between50and 70 kVp, and 2.5 millimetersauminum equivaent for machines
operating above 70 kVp.

(4 A device shdl be provided to terminate the exposure after a preset time or exposure.

) A dead-man type of exposure switch shal be provided, together with an electrica cord
of sufficient length, so that the operator can stand out of the useful beam and at least 6 feet (1.83
m) from the anima during al x-ray exposures.

Structural Shidding. All wall, celling, and floor areas shall be equivaent to or provided with

applicable protective barriersto assure compliancewith801.D.101, 801.D.104, and 801.D.105 of these
regulations.

(©

Operating Procedures.

@ The operator shal sand well away fromthe ussful beam and the anima during radiographic
EXPOSUres.

2 No individud other than the operator shall be inthe x-ray roomwhile exposuresare being
meade unless such individud's assstance is required.

(3)  When an animd must be held in position during radiography, mechanica supporting or
restraining devices should be used. |f the anima must be hdd by anindividud, that individua shdll
be protected withappropriate shidding devices, suchas protective gloves and apron, and he shal
be so positioned that no part of his body will be struck by the useful beam. The exposure of any
individua used for this purpose shal be monitored.
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801.F.9 Computed Tomography X-Ray Systems.

@ Definitions. Inadditionto thedefinitionsprovidedin 801.A.2 and 801.F.2 of theseregulations, the
following definitions shall be gpplicable to 801.F.9:

"Computed tomography dose index" meansthe integra from -7T to +7T of the dose profile dong aline

perpendicular to the tomographic plane divided by the product of the nomina tomographic section
thickness and the number of tomograms produced in asingle scan, thet is:

1 +
CTDT = — fD(z) az
nT-r

where:
z = Pogtion dong a line perpendicular to the tomographic plane.
D(2 = Dose at postion z.
T = Nomina tomographic section thickness.
n = Number of tomograms produced in asingle scan.

This definition assumes that the dose profile is centered around z=0 and that, for a multiple tomogram
system, the scan increment between adjacent scansisnT.

"Contragt scale" means the change in the linear attenuation coefficient per CTN rdative to water, that is:

- Hy = Hy
<= em, - cm,
where:
U, =  Linear atenuation coefficient of the materid of interest.
U, =  Linear atenuation coefficient of water.
(CTN), = CTN of the materid of interest.
(CTN), = CTN of water.

"CS' (See"Contrast sca€").

"CT conditions of operation” means dl selectable parameters governing the operationof aCT x-ray system
including, but not limited to, nomina tomographic sectionthickness, filtration, and the technique factors as
defined in 801.F.2.

"CTDI" (See "Computed tomography dose index").

"CT gantry" means the tube housing assemblies, beam-limiting devices, detectors, and the supporting
structures and frames which hold these components.

"CTN" (See"CT number").
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"CT number" meansthe number used to represent the x-ray attenuation associ ated witheachelementd area
of the CT image.

CTN = k(g = 1y

'IJ_W_
where:
k = A congtant?
U, =  Linear atenuation coefficient of the materia of interest.
u, =  Linear atenuation coefficient of water.

"Dose profile" means the dose as a function of postion dong aline.

"Elementa ared’ means the amdlest area within atomogram for which the x-ray attenuation properties of
abody are depicted. (See dso0 "Picture element”).

"Multipletomogramsystem” meansacomputed tomography x-ray systemwhichobtains x-ray trangmisson
data smultaneoudy during asingle scan to produce more than one tomogram.

"Noisg" mears the standard deviation of the fluctuations in CTN expressed as a percentage of the
attenuation coefficient of water. Its estimate (S,) is calculated usng the following expresson:

& = 100 x s x s
n uw
where:
Cs =  Contract scale.
u, =  Linear atenuation coefficient of water.
S = Edimated standard deviation of the CTN of picture e ementsinaspecified area

of the CT image.

"Nomina tomographic section thickness' means the full width at haf-maximum of the sengtivity profile
taken at the center of the cross-sectiona volume over which x-ray transmission data are collected.

"Picture dement” means an eementd area of atomogram.
"Reference plane’ means a plane which is digplaced from and pardld to the tomographic plane.

"Scan' means the compl ete process of callecting x-ray transmissondatafor the production of atomogram.
Data can be collected smultaneoudy during asingle scan for the production of one or more tomograms.

3/The congtant has anorma value of 1,000 when the Houndsfidld scale of CTN is used.
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"Scan increment” means the amount of relative displacement of the patient with respect to the CT x-ray
system between successive scans measured aong the direction of such displacement.

" Scan sequence” meansapresel ected set of two or more scans performed consecutively under presel ected
CT conditions of operation.

"Scan time' means the period of time between the beginning and end of x-ray transmisson data
accumulation for asngle scan.

"Single tomogram system” meansa CT x-ray system which obtains x-ray transmisson data during ascan
to produce a single tomogram.

"Tomographic plane€’ means that geometric plane which is identified as corresponding to the output
tomogram.

"Tomographic section” means the volume of an object whose x-ray attenuation properties are imaged in
atomogram.

(b) Requirement for Equipment.

@ Termination of Exposure.

() Means shdl be provided to terminate the x-ray  exposure automaicaly by
ether de-energizing the x-ray source or shuttering the x-ray beam in the event
of equipment failure affecting data collection. Suchterminaionshdl occur within
an interva that limits the total scantime to no more than 110 percent of its preset
vaue throughthe use of elther abackup timer or deviceswhichmonitor equipment
function.

(i) A vighle sgnd sdl indicate when the x-ray exposure has been terminated
through the means required by 801.F.9(b)(1)(i).

@)  The operator shdl be able to terminate the x-ray exposure at any time during a
scan, or series of scansunder CT x-ray system control, of greater than one-half

second duration.

2 Tomographic Plane Indication and Alignment.

(i) For any dnge tomogram system, means shall be provided to permit visual
determination of the tomographic plane or a reference plan offset from the
tomographic plane.
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(i) For any multiple tomogram system, means shdl be provided to permit visual
determination of the location of areference plane. This reference plane can be
offset from the location of the tomographic planes.

() If adeviceusng a light source is used to satisfy 801.F.9(b)(2)(i) or (ii), the light
source shdl provide illumination levels sufficient to permit visud determination of
the location of the tomographic plane or reference plane under ambient light
conditions of up to 500 |ux.

3 Beam-On and Shutter Status Indicators and Control Switches.

() The CT x-ray control and gantry shall providevisud indication whenever x-rays
are produced and, if gpplicable, whether the shutter is open or closed.

(i)  Each emergency button or switch shal be clearly labelled asto its function.

4 Indication of CT Conditions of Operation. The CT x-ray system shdl be designed such
that the CT conditions of operationto be used during a scanor a scan sequence shdl be indicated
prior to the initigtion of a scan or a scan sequence. On equipment having dl or some of these
conditions of operation at fixed values, this requirement may be met by permanent markings.
Indicationof CT conditions of operationdhdl be vishle fromany positionfromwhichscaninitiation

ispossible.

) Extraneous Radiation. When data are not being collected for image production, the
radiation adjacent to the tube port shall not exceed that permitted by 801.F.4(c).

(6) Maximum Surface CTDI Identification The angular position where the maximum surface
CTDI occursshdl beidentified to alow for reproducible positioning of a CT dosmetry phantom.

(7)  Additiona Requirements Applicable to CT X-Ray Sysems Containing a Gantry
Manufactured After September 3, 1985.

() Thetotd error in the indicated location of the tomographic plane or reference
plane shal not exceed 5 millimeters.

(i)  Ifthex-ray productionperiod is less than one-haf second, the indicationof x-ray
productionshdl be actuated for at least one-haf second. Indicatorsat or near the
gantry shdl be discernible from any point external to the patient opening where
insertion of any part of the human body into the primary beam is possible.

(i)  Thedeviationof indicated scanincrement versus actual increment shal not exceed

plusor minus 1 millimeter with any mass from 0 to 100 kilograms resting on the
support device. The patient support device shdl be incremented from atypicd
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stating pogtion to the maximum incremented distance or 30 centimeters,
whichever is less, and then returned to the arting postion. Measurement of
actud versus indicated scan increment may be taken anywhere aong this travel.

Premature termination of the x-ray exposure by the operator shall necessitate
resatting of the CT conditions of operation prior to the initiation of another scan.

(©) Facility Design Reguirements.

@ Aurd Communication Provisionshal bemadefor two-way aura communi cation between

the patient and the operator at the control pandl.

2 Viewing Sysems.

0]

(i)

Windows, mirrors, closed-circuit televison, or an equivdent shdl beprovidedto
permit continuous observation of the patient during irradiation and shall be so
located that the operator can observe the patient from the control pand.

When the primary viewing system is by electronic means, an dternate viewing
system (which may be eectronic) shdl be available for usein the event of falure
of the primary viewing system.

(d) Surveys Measurements, Spot Checks and Operating Procedures.

Q) Surveys.

0]

(i)

All CT x-ray systems ingtalled after the effective date of these regulations and
those systemns not previoudy surveyed shdl have a survey made by, or under the
direction of, a qudified expert. In addition, such surveys shdl be done after any
change in the fadility or equipment which might cause a sgnificant increase in
radiation hazard.

The regigtrant shdl obtain awrittenreport of the survey from the qudified expert,
and a copy of the report shall be made available to the Agency upon request.

()] Radiation Measurements.

0]

(i)

The measurements of the radiation output of the CT x-ray system shall be
performed by, or under the direction of, a qudified expert.

The measurement of the radiation output of the CT x-ray system shall be

performed annudly and after any change or replacement of components which
could cause a change in the radiation outpui.
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@)  The measurement of the radiation output of the CT x-ray system shdl be
performed with a cdibrated dosmetry sysem. The cdibration of such system
shdl be tracegble to a nationd standard. The dosmetry system shdl have been
cdibrated within the preceding 2 years.

(iv) CT dosmetry phantom(s) shdl be used indetermining the radiationoutput of aCT
x-ray sysem. Such phantom(s) shal meet the following specifications and
conditions of use;

@

(b)

(©

@)

CT dosmetry phantom(s) shal be right circular cylinders of
polymethyl-methacrylateof density 1.19 plus or minus 0.01 grams
per cubic centimeter. The phantom(s) shdl be at least 14
centimetersinlength and shall have diametersof 32.0 centimeters
for testing CT x-ray systems designed to image any sectionof the
body and 16.0 centimeters for systems designed to image the
head or for whole body scanners operated in the head scanning
mode.

CT dosmetry phantom(s) shall provide means for the placement
of adosimeter(s) dong the axis of rotationand dong aline pardlée
to the axis of rotation 1.0 centimeter from the outer surface and
within the phantom. Means for the placement of dosmeters or
adignment devices at other locations may be provided.

Any effects on the doses measured to the remova of phantom
materid to accommodate dosmeters shall be accounted for
through appropriate corrections to the reported data or included
in the statement of maximum deviation for the vaues obtained

using the phantom.

All dose measurements shdl be performed withthe CT dosmetry
phantom placed on the patient couch or support device without
additional attenuation materias present.

(v) Themeasurement of the radiationoutput shal be required for each type of head,
body, or whole-body scan performed at the facility.

(vi) Measurement of the radiation output shal meet the following requirements.

@

The dose profile dong the center axis of the CT dosmetry
phantom for the minimum, maximum, and midrange vaues of the
nomina tomographic sectionthickness used by the registrant shall
be measurable. Where less than three nomina tomographic
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(b)

(©

thicknesses can be sdlected, the dose profile determination shall
be performed for each avalable nomind tomographic section
thickness.

The CTDI¥ aong the two axes specified in 801.F.9(d)(2)(iv)(b)
shdl be measured. The CT dosimetry phantom shdl be oriented
so that the measurement point 1.0 centimeter from the outer
surface and within the phantom is in the same angular position
withinthe gantry asthe point of maximum surfaceCTDI identified.
The CT conditions of operationshdl correspond to typica vaues
used by the regigtrant.

The spot checks specified in 801.F.9(d)(3) shal be made.

(vii)  Procedures for the measurement of radiation output shall be in writing. Records
of measurements performed shall be maintained for inspection by the Agency.

3 Spot Checks.

(i) Thespot-check procedures shal be in writing and shal have been developed by
aqudified expert.

(i)  Thespot-check procedures shdl incorporatethe use of a CT dosmetry phantom
which has a cgpability of providing an indication of contrast scae, noise, nomina
tomographic section thickness, the resolution capability of the systemfor lowand
high contrast objects, and measuring the mean CTN for water or other reference

materid.

@) All spot checks shdl be included in the measurement required by 801.F.9(d)(2)
and a time intervals and under system conditions specified by aquaified expert.

(iv) Spot checks shdl include acquisition of images obtained with the CT dosimetry
phantom(s) usng the same processing mode and CT conditionsof operationasare
used to perform measurements required by 801.F.9(d)(2). The images shdl be
retained, until anew measurement is performed, in two forms as follows:

@)

photographic copies of the images obtained from
the image display device; and

4/For the purpose of determining the CTDI, the manufacturer's atements as to the nomind
tomographic section thickness for that particular system may be utilized.
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(b) images stored in digital form on a sorage medium competible
with the CT x-ray system.

(v) Written records of the spot checks performed shal be maintained for ingpection
by the Agency.

4 Operating Procedures.

(i) TheCT x-ray system shdl not be operated except by an individud who has been
specificdly trained in its operation.

(i)  Information shdl be available at the control pand regarding the operation of the
system and measurements of radiation output. Such information shal indude the
fallowing:

@ dates of the latest measurements and spot checks and the location
withinthe faclity where the results of those tests may be obtained;

(b) ingructions onthe use of the CT dosmetry phantom(s) including
a schedule of spot checks appropriate for the system, alowable
variations for the indicated parameters, and the results of at least
the most recent spot checks conducted on the system;

© the distance in millimetersbetween the tomographic plane and the
reference plane if areference planeis utilized; and

d) a current technique chart available at the control panel which
specifies for each routine examination the CT conditions of
operation and the number of scans per examination.

(i) 1f the measurement or spot check of the CT x-ray systemidentifiesthat a system
operating parameter has exceeded atolerance established by the qudified expert,
use of the CT x-ray system on patients shal be limited to those permitted by
edtablished written ingtructions of the qualified expert.

801.F.10 Mammography X-Ray Systems.

@ Equipment Standards.

@ Sysem Design. The x-ray system shdl be specificaly desgned for mammography.

2 Image Receptor. The image receptor systems and their individua components shdl be
gpecificaly designed for or gppropriate for mammography.

F- 45



3 Taget/Filter. The x-ray system must have the capability of providing kV pltarget/filter
combinations appropriate to image receptor systems mesting the requirementsof 801.F.10(a)(2).

4 Beam Quadlity.

()  When used with screen-film image receptors, and the contribution to filtration
made by the compression device is induded, the useful beam shal have a
hdf-vaue layer (HVL) betweenthe values of: measured kVp/100 and measured
kVp/100 + 0.1 millimeters duminum equivaent.

(i)  For Xeroradiography using a kVp in the range of 35-50, the HVL of the useful
beam with the compression device in place shdl be at least 1.2 mm auminum
equivaent.

()  For dl other imaging systems, the HVL shdl not be less than that specified in
801.F.4(e).

) Resolution Thecombination of foca spot size, source-to-imagedistanceand magnification
ghdl produce a radiograph with a resolution of at least 12.5 cycles per millimeer at an
object-to-image receptor distance of five centimeters. This standard applies to the routine
mammographic filmbeing utilized a the facility. Compliance shdl be deemed to have been met if
AAPM Report No. 29, Table 3-3 (See Section F, Appendix D) is followed.

(6) Compression.

(i) The x-ray system shdl be capable of compressng the breast with a force of at
least 25 pounds and the maximum force shall be no greater than 40 pounds.

(i) To within £ 1% of the source-to-image distance, the chest wall edge of the
compression paddle mug be digned with the chest wdl edge of the image
receptor when the image receptor is placed in norma imaging postion.

@) System Capabiilities. A mammographic x-ray system utilizing screen-film image receptors
shdl have:

(i) thecapability of usng anti-scatter grids which are:

@ specificaly designed for mammography;
(b) integra to the x-ray system; and

© available for al image receptor szes.
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(i)  thecapability of automatic exposure control for sysems inddled after the effective
date of these regulations.

8 Milliampere-second Read-out Accuracy. All mammographic x-ray sysemsshdl indicate,
or provide the means of determining, the mAs resulting from each exposure made with automatic
exposure control.  The accuracy of the mAs read-out shal be within + 10% of the actud mAs
delivered.

9 Transmisson For x-ray systemsmanufactured after September 5, 1978, thetransmission
of the primary beam through any image receptor support provided with the system shdl be limited
such that the exposure 5 centimeters from any accessible surface beyond the plane of theimage
receptor supporting device does not exceed 0.1 milliroentgen (25.8 nC/kg) for each activation of
the tube. Exposure shdl be measured with the system operated at the minimum SID for which it
is designed. Compliance shal be determined at the maximum rated peak tube potentia for the
system and a the maximum rated product of tube current and exposuretime (mAs) for that pesk
tube potentia. Compliance shdl be determined by measurements averaged over an area of 100
sguare centimeters with no linear dimension greater than 20 centimeters.

(10)  Collimation

(i)  The mammographic system shal be provided with means to limit the useful beam
suchthat the x-ray fidd at the plane of the image receptor does not extend beyond
any edge of the image receptor at any designated SID except the edge of the
imagereceptor designed to be adjacent to the chest wal wherethe x-ray fidd may
not extend beyond this edge by more than2 percent of the SID. Thisrequirement
can be met with a system which performs as prescribed in 801.F.6(a)(4)(iii).
When the beam+- limiting device and image receptor support device are designed
to be used to immohilize the breast during a mammographic procedure, and the
SID may vary, the SID indicationspecified in801.F.6(a)(4)(iii)(a) and (b) shdl be
the maximum SID for which the beam-limiting device or gpertureisdesigned. In
addition, each image receptor support intended for use onasystemdesigned only
for mammography shdl have clear and permanent markings to indicate the
maximum image receptor Sze for which it is desgned.

(i)  The misdignment for the chest-wall edge of the collimator light field with the
chest-wall edge of the x-ray beam shal not exceed 2% of the SID. The edge of
the x-ray beam onthe other three sides shal not exceed the edge of the light field
on those Sides.

(11) Accurecy of kVp. The accuracy of theindicated kVp shall be no lessthan £ 2 kVp.

(12) Automatic Exposure Control Performance.  See 801.F.6(d). In addition, those
mammogragphic systems operating with automatic exposure control shdl be adle to mantain film
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(b)

dengty to within + 0.3 OD of the average OD over the range of dinicaly used kV ps, for phantom
thicknesses of 2 centimetersto 6 centimeters.

(13) Radiaion Output Minimum. At akVp of 28, the mammographic system shall be capable
of generating at least 8 MR/mAsand at least 800 mR/second, measured at a point 4.5 centimeters
from the surface of the patient support device when the SID is at its maximum.

(14) Screenfilm Contact. Cassettes shdl not be used for mammography if one or morelarge
areas (>1 cm) of poor contact can be seen in a 30-40 mesh test.

(15 Image Quality. The minimum image quaity achieved a amammographic facility shal be
the ability to observe the image of a0.75 mm fiber, 0.32 mm speck group, and a0.75 mm mass
from an ACR phantom or equivaent on the sandard mammographic film in usein afacility. No
mammograms shdl be taken on patientsif this minimum is not met.

(16) Dose. The mean glandular dose for one craniocaudal view of a 4.5 cm (1.8 inch)
compressed breast, composed of 50 percent adipose/50 percent glandular tissue, shdl not exceed
the following vaues

(i) 100 millirads (1 milligray) for non-grid screen - film systems.
(i) 300 millirads (3 milligray) for screen-film systems.
(i) 400 millirads (4 milligray) for Xerography systems.

Qudity Assurance.

@ Qudity Assurance Program Required. The registrant shdl have a written, ongoing
equipment quaity assurance program specific to mammogrgphic imaging, covering al components
of the diagnogtic x-ray imaging system, to ensure condstently high-quality images with minimum
patient exposure. Responghilities under this requirement include:

(i) conducting or training others to conduct equipment performance monitoring
functions,

(i) andyzing the monitoring results to determine if there are problems requiring
correction;

() carying out or aranging for the necessary corrective actions when results of
quality control test resultsinduding those specified in 801.F.10(b)(3) indicate the
need; and

(iv) maintenance of records documenting 801.F.10(b)(2)(i) - (iii) above.
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2 Qudity Assurance Program Review. At intervals not to exceed 12 months, the registrant
shdl conduct areview of the effectiveness of the quaity assurance programrequiredin (b)(1) and
maintain a written report of such review. The two most recent copies of such reports shdl be

available for ingpection by the agency.

3 Equipment Quality Control Tests. The regigtrant shal ensure that the following quaity
control tests are performed when gpplicable equipment is initidly installed and according to the

frequency specified, and that applicable tests are performed after magjor changes or replacement

of parts?
0;

(i)

(ii)

)
)

(Vi)
(vii)
(viii)

Processor performance by sensitometric means daily, prior to the first patient
exposure. For any mammography registrant using film processors a multiple
locations, such as a mohile service, each processor dhdl be subject to this
requirement. Corrective action shall be taken when:

@ deviations of + 0.15 or more in Optica Dendty (OD) from
established operating levels occur for readings of mid-density
(MD) and dengty difference (DD) on the senstometric control
charts.

(b) base plus fog (B+F) exceeds the established operating leve by
more than 0.03 OD.

Screen-film contact and artifact detection - 6 months.

Screen cleaning - monthly.

Compression device performance (releases, level of force, etc.) - 6 months.
Image quality (usng a test "phantom,” which smulates the composition of the
breast and includes normd and pathological breast structures) - monthly for
stationary systems and prior to performingmammography at each new locationfor
mobile sysems.

Dark dusting of Xerographic platesin postive mode - monthly.

For receptor speed uniformity (screen-film cassette) - 12 months.

Collimator dignment - 12 months.

XiV.

5/Operator/technologist generaly performstestsi - vi, Physicist generdly performs tests vii -
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(iX)  Primary/secondary barrier transmisson- uponinitid x-ray systemingdlationonly.
(X) Resolution and/or foca spot Size - upon tube ingtallation or replacement only.
(xi) Haf-vauelayer - 12 months.

(xii) kVp accuracy - 12 months.

(xiii)  Output reproducibility, mA linearity, timer linearity, and mR/mAs - 12 months.

(xiv)  Autometic exposure control reproducibility, indudingkV p response and thickness
response - 12 months.

4 Additional Qudity Control Requirements. The regisirant shal perform the following
observations according to the frequency noted and record the results. Corrections of
problems noted shall be made and recorded. Records shdl be maintained over the most
recent two year period.

() Retakerate- 3 months or after 250 patients.
(i)  Viewbox uniformity - 6 months.
(i)  Darkroom integrity - 6 months.

(iv) Adeguacy of film storage (induding storage after exposure if processing does not
occur immediately) 12 months.

Additiond Facility Requirements.

@ Masks. Masks may be provided on the viewboxes to block extraneous light from the
viewer's eye when the illuminated surface of the viewbox is larger than the film sze or area of
clinicd interest.

2 HIm Processing. Film processors utilized for mammography shdl be adjusted to and
operated a the specifications recommended by the mammographic film manufacturer, or at other
Settings such that the sensitometric performanceis a least equivaent.

3 Indrument Cdibration An image qudity phantom and cdibrated senstometer,
densitometer and thermometer must be available to eachfadility inorder to comply withthe quaity
control test frequencies specified in801.F.10(b) of this section. The cdibration of the insruments
must be checked every 12 months.

4 Operator Qudifications. The operator of the x-ray machine shal be certified by the
AmericanRegigry of Radiologic Technologistsor an equivdent state licenang body and shdl have

had specid training in mammography.
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(d)

) PhyscianQudifications. The physcian interpreting the mammograms shdl be certified by
the American Board of Radiology, the American Osteopathic Board of Radiology, or Board
igible or equivaent, and shdl have had specia training inmammography and imageinterpretation.

(6) Physcig Qudifications. The person performing evauation of mammographic system
performance in accordance with these regulaions shdl be certified by the American Board of
Radiology or equivaent or be recognized as competent by a state radiation control program.

@) Image Retention. Clinica images shdl be retained for aminimum of 5 years

(8 Retake Rate. The minimum acceptable retake rate shdl be no greater than 5%.

9 Darkroom Fog. Darkroom fog levels shdl not exceed 0.02 OD when sendtized filmis
exposed to darkroom conditions with safdight on for 2 minutes.

Personnd Respongbilities.

(@) Operator/Technologis.

Daily.
()  Processor performance in accordance with 801.F.10(b)(3)(i).
Monthly.
(i)  Screen deaning.
(i) Image qudity in accordance with 801.F.10(b)(3)(V).
(v) Dak duding.
uarterly.
(V) Retakerate.
Semiannudly.
(vi)  Screen-film contact and artifact detection.
(vii)  Compression device performance.
(viii)  Viewbox uniformity.

(iX) Darkroom integrity.
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Annudly.

(%)

Adeguacy of film storage.

(2)  Medicd Physids.

Initidly and as specified by the medicd physcis.

()  Primary/secondary barrier transmission.
()  Resolution and/or focd spot size.
Annudly.
(i)  For receptor speed uniformity.
(iv)  Collimator dignment.
(v) Hdf-vauelayer.
(W) kVp accuracy.
(vii)  Output reproducibility, mA linearity, timer linearity, and mR/mAs.
(viii)  Autométic exposurecontrol reproducibility, induding kV p response and thickness

response.
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PART 801
SECTION F
APPENDIX A
DETERMINATION OF COMPETENCE
The following are areas in which the agency considersit important that anindividua have expertise for the
competent operation of x-ray equipment.

l. Familiarization With Equipment.

A. Identification of controls.
B. Function of each control.
C. How to use atechnique chart.
. Radiation Protection.
A. Callimetion.
B. Filtration.
C. Gonad shidlding and other patient protection devicesif used.
D. Restriction of x-ray tube radiation to the image receptor.
E Personnd protection.
F. Grids.

1. Film Processing.

A. Film speed as related to patient exposure.
B. Flm processng parameters.
C. Quality Assurance Program.

V. Emergency Procedures.
A. Termination of exposure in event of automatic timing device failure,
V. Proper use of Personnel Dosimetry, if Required.
VI. Undergtanding Units of Radiation
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PART 801

SECTION F

APPENDIX B

INFORMATION TO BE SUBMITTED BY PERSONS

PROPOSING TO CONDUCT HEALING ARTS SCREENING

Persons requesting that the Agency approve a heding arts screening program shal submit the following
information and evauation:

VI.

VII.

VIII.

XI.

Name and address of the applicant and, where gpplicable, the names and addresses of
agents within this State.

Diseases or conditions for which the x-ray examinations are to be used in diagnoses.
A detailed description of the x-ray examinations proposed in the screening program.

Description of the population to be examined in the screening program, i.e., age, sex,
physical condition, and other appropriate information.

Anevauation of any known aternate methods not invalving ionizing radiationwhichcould
achieve the godss of the screening program and why these methods are not used instead
of the x-ray examinations.

An evduation by a qudified expert of the x-ray sysem(s) to be used in the screening
program. The evauation by the qudified expert shal show that such system(s) do satisfy
adl requirements of theseregulations. Theevduation shdl includeameasurement of patient
exposures for the x-ray examinations to be performed.

A description of the diagnogtic x-ray quality control program.

A copy of the technique chart for the x-ray examination procedures to be used.

The qudifications of each individua who will be operating the x-ray system(s).

The qualifications of the individua who will be supervising the operators of the x-ray
system(s). The extent of supervisionand the method of work performance evaduation shdl
be specified.

The name and address of the individual who will interpret the radiograph(s).
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XII.

X111,

XIV.

A description of the procedures to be used in advising the individuas screened and their
private practitioners of the hedling arts of the results of the screening procedure and any
further medica needs indicated.

A description of the procedures for the retention or disposition of the radiographs and
other records pertaining to the x-ray examinations.

An indication of the frequency of screening and the duration of the entire screening
program.
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PART 801
SECTION F
APPENDIX C

EXEMPTIONSFROM SHIELDING FOR CERTAIN FLUOROSCOPIC PROCEDURES

l. Myeograms
. Arthrograms
[I. Angiograms
V. Percutaneous nephrostomies

V. Biliary drainage procedures

VI. Percutaneous cholangiograms
VII. T-tube cholangiograms
VIII. Sinograms or figulograms
IX. Fluoroscopic biopsy procedures
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PART 801

SECTION F

APPENDIX D

Actud (fg) and Nomind (f,,,) Focal Spot Sizes
necessary to achieve an Object Plan Spatid
Resolution of 12.5 cyclesmm a the Chest Wall

SID Magnification T from
(cm) (mm) (mm)
80 1.07 12 0.6
65 1.08 11 0.5
50 111 0.85 04
-- 15 0.23 0.15
-- 2.0 0.15 0.10
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